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Novel Polymers 

The present Invention related to novel crosslinkabfe polymers, to a process for the 
preparation thereof and to the use thereof for the manufacture of mouldings, especially 
biomedical mouldings such as contact lenses. 

WO 92/09639 discloses polymerizable macrooomonomers which are obtained by oo- 
telomerizing two or more mono-ethylenically unsaturated monomers in the presence of a 
functional chain transfer agent and capping the resultant copolymer wfifi a compound 
providing a C-C double bond. The macrocomonomers are then copofymerized with further 
comonomers, crosslinkers and the like in a suitable mould in order to yiefd mouldings, for 
example contact lenses. This synthetic route is complicated, because it encompasses two 
reaction steps, (i) preparation of the polymerizable macrocomonomer and (ii) copolymers 
zattcn of said macromonomer with other comonomers, and at Feast two purification steps - 
the macromonomer and, even more important, the final moulding both have to be purified 
from unreached monomers. It would therefore be highly desirable to simplify this process, for 
example by providing just one crosslinkable macromonomer having all the desired proper- 
ties which upon crosslinking yields a moulding that is ready for use without a subsequent 
purification step. 

Moreover, in todays field of biomedical mouldings it is often desired to impart one polymer 
material with different desired properties which oppose each other. For example, 
concerning the field of contact tenses, a suitable bulk material should provide a good 
combination of high oxygen permeability, high hydrophilicity and ion permeability along with 
good mechanical properties. In older to balance the different properties, it would be highly 
desirable to have a system of polymerizable compounds and polymerization controlling 
agents which would allow to design specific bulk materials just by simple variation of the 
stoichiometric amounts of the ingredients. 

Surprisingly, there now has been found such a system leading to novel crosslinkable 
copolymers which fulfil the above requirements. The novel copolymers are obtainable by 
incorporating a crosslinker in the above described telomerization reaction. 
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The present invention therefore in one aspect relates to a crosslinkable or potymerizable 
prepolymer that is obtainable by 

(a) copolymerizing at least one hydrophilfc monomer having one ethylenically unsaturated 
double bond and at least one crosslinker comprising two or more ethylenically unsaturated 
double bonds in the presence of a chain transfer agent having a functional group; and 

(b) reacting one or more functional groups of the resulting copolymer with an organic 
compound having an ethylenically unsaturated group. 

Suitable hydrophilfc monomers in step (a) are in principle any mono-ethylenicaily 
unsaturated compound comprising a non-ionic, anionic, cationic or zwitterionic substituent 
A hydrophilic cornonomer in this context is understood as meaning a monomer which 
typically gives, as a homopolymer, a polymer which is water-soluble or can absorb at least 
1 0% by weight of water. 

A non-ionic substituent of the hydrophiJic monomer includes, for example, Ci-C € -alkyI which 
is substituted by one or more same or different substttuents selected from the group 
consisting of -OH, Ci-C 4 -aIkoxy and -NRR', wherein R and R* are each independently of 
another hydrogen or unsubstituted or hydroxy-subsfituted d-Ce-alkyl or phenyl; phenyl 
which is substituted by hydroxy, Ci-C 4 -alkoxy or -NRR\ wherein R and R' are as defined 
above; a radical -COOY, wherein Y is CrC 4 -alky| T d-CjM-aikyI which is substituted, for 
example, by hydroxy, C-Oralkoxy, -OSiCChfe)* -NRR' wherein R and R' are as defined 
above, a radical ^-(CH 2 CH 2 0) 1 . 2 4rE wherein E Is hydrogen or Ci-Cg-alkyl. or a radical -NH- 
C{0)-0-Q, wherein -O-G is the radical of a saccharide with 1 to 8 sugar units or is a radical - 
0-(CH 2 CH20)i-24-E, wherein E is as defined above, or Y is CrpCa-cycloalkyl which is 
unsubstituted or substituted by C r C 4 -alkyl or <VC 4 -alkoxy, or is unsubstituted or CrC 4 - 
alkyl- or d-C 4 -alkoxy-substituted phenyl or Cr-C 12 naralkyJ; -CONYiY 2 wherein Yi and Y 2 are 
each independently hydnogen, C r C 4 -aIkyI, d-Ciz-alkyl, which is substituted, for example by 
hydroxy, d-CValkoxy, a radical -CH(OR i8 ) 2 wherein R 18 is hydrogen, C r C 4 -alkyl or Cz-Cs- 
alkanoyl, or a radical -©-(CHgCHeO^^-E wherein E is as defined above, or Y] and Y 2 
together with the adjacent N-atom form a five- or six-membered heterocyclic ring having no 
additional heteroatom or one additional oxygen or nitrogen atom; a radical -OY& wherein Y a 
is hydrogen; Ci-C 4 -afkyl or d-da-alkyl which is substituted by -NRR f ; or Is a radical -C(0)- 
d-C<ralkyl; and wherein R and R' are as defined above; or a five- to seven-membered 
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heteroeyclic radical having at (east one N-atom and being bound in each case via said 
nitrogen atom. 

Suitable anionic substituents of the hydrohiiic monomer include for example Ci-Ce-alkyI 
which is substituted by -SOaH, -OSOsK -OP0 3 H a and -COOH; phenyl which is substituted 
by one or more same or different substituents selected from the group consisting of -S0 3 H, 
-COOH, -OH and -CHa-SOgH; -COOH; a radical -COOYi wherein Y 4 is C,-Ca4-alkyl which is 
substituted for example by -COOH, -S0 3 H. -OSOaH, -OPOsHa or by a radical -NH-C<0)-0- 
G' wherein G' is the radical of an anionic carbohydrate; a radical -CONYsYb wherein Y 5 is 
d-Oz^-aWsyl which is substituted by -COOH, -SO3H, -OSO3H, or -OPOgHg and Y e 
Independently has the meaning of Y g or is hydrogen or CrCiralkyl: or -SO3H; or a salt 
thereof, for example a sodium, potassium, ammonium or the like salt thereof. 

Suitable cationic substituents of the hydrophiilc monomer include Ci-Ca-alkyl which is 
substituted by a radical -NRR'R"*An', wherein R, R' and R" are each Independently of 
another hydrogen or unsubstituted or hydroxy-substituted C,-C 6 -alkyI or phenyl, and An" is 
an anion; or a radical -C(0)OY 7 , wherein Y, is C-C^-alkyl which is substituted by 
•NRR'R"*An' and is further unsubstituted or substituted for example by hydroxy, wherein R, 
R\ R" and An" are as defined above. 

Suitable zwitterionto substituents of the hydrophilic monomer include a radical -RrZw, 
wherein Ri is a direct bond or a functional group, for example a caibonyi, carbonate, amide, 
ester, dicarboanhydride, dicarboimide, urea or urethane group; and Zw is an aliphatic 
moiety comprising one anionic and one cationic group each. 

The following preferences apply to the hydrophilic substituents of the hydrophilic monomer, 
(i) non-ionic substituents: 

Preferred aikyi substituents are CrC 4 -alkyi, in particular Gi-Cralty. which is substituted by 
one or more substituents selected from the group consisting of -OH and -NRR\ wherein R 
and R' are each independently of another hydrogen or Ci-G4-alkyl, preferably hydrogen, 
methyl or ethyl and particularly preferably hydrogen or methyl, for example -CH a -NH 2 , -CH 2 - 
N<CHa)* 

Preferred phenyl substituents are phenyl which is substituted by -NHz or N(CrC2-alkyJ)2. for 
example o-> m- or p-aminophenyl. 
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In case that the hydrophllic substituent is a radical -COOY, Y as alkyl is preferably C r C 2 - 
alkyl; Y as substituted alkyl is preferably Ci-Ci 2 -afkyl, more preferably Ci-Ce-alkyI, even 
more preferably CrC^alkyl and particularly preferably Ct-Cralkyl. each of which being 
substituted as mentioned above. In case that the alkyf radical Y is substituted by -NRR', the 
above-given meanings and preferences apply for R and: R\ Examples of suitable 
saccharide substituents -O-G of the alkyl radical Y that is substituted by -NH-C(0)-0-G are 
the radical of a mono- or disacchande, for example glucose, acetyl glucose, methyl glucose, 
glucosamine, N-acetyl glucosamine, gtucono lactone, man nose, galactose, galactosamine, 
N-acetyl galactosamine, fructose, maltose, lactose, fucose, saccharose or trehalose, the 
radical of an anhydrosaccharide such as levoglucosan, the radical of a glucosid such as 
octylglucosid, the radical of a sugar alcohol such as sorbitol, the radical of a sugar acid 
derivative such as lactobronic acid amide, or the radical of an oligosaccharide with a 
maximum of 8 sugar units, for example fragments of a cyclodextrin, starch, chrtosan, 
maltotriose or maltohexaose. The radical -O-G preferably denotes the radical of a mono- or 
disacchande or the radical of a cyclodextrin fragment with a maximum of 8 sugar units. 
Particular preferred saccharide radicals -O-G are the radical of trehalose or the radical of a 
cyclodextrin fragment, in case that the aikyl radical Y is substituted by a radical -O- 
{CH 2 CH a O) 1 .24-E or-NH-C{0)-0-G wherein -O-G is -0-(CH2CH 2 0) T ^4-E T the number of 
(CH 2 CH 2 0) units is preferably from 1 to 12 in each case and more preferably from 2 to 8. E 
is preferably hydrogen or C r C 2 -alkyL 

Y as CyOff-cycloalkyl is for example cyclopentyl or preferably cyclohexyl, each of which 
being unsubstituted or substituted for example by 1 to 3 Ci-Cg-alkyi groups. Y as Qr-Ow 
araikyl is for example benzyl. 

Preferred nonionic radicals -COOY are those wherein Y is C t -C 2 -alkyl; or Cg-Ce-alky! which 
is substituted by one or two substituents selected from the group consisting of hydroxy; Ci- 
Cz-aikoxy; -0-S3(CH 3 )$; and -NRR* wherein R and R' are each independently of another 
hydrogen or CrC^lkyl; or Y is a radical -CH 2 CH^-(CH 5 CH 2 0)i-trE wherein E is hydrogen 
or CrC2-alkyf; or is a radical -Cs-C 4 *aJkytene-NH~C(O)-0-G, wherein -O-G is the radical of a 
saccharide. 

More preferred non-ionic radicals -COOY are those wherein Y is CVCa-alkyl; or C fi -C 4 -alkyl 
which is substituted by one or two substituents selected from the group consisting of -OH 
and -NRR' wherein R and R f are each independently of another hydrogen or Ci-Cz-alkyl; or 
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a radical -CHaCHrCHC^CH-OJ^z-E wherein E is hydrogen or Ct-Cz-alkyl; oris a radical 
-Ca-CA-alkylene-NH-C^)- 0 " 6 wherein -O-G is the radical of a saccharide. 

Particularly preferred radicals -COOY comprise those wherein Y is C,-Cralkyl, particularly 
methyl; or CrCa-aHcyl, which id unsubstituted or substituted by hydroxy or ^N-dl-d-Cz- 
alkylamlno, or is a radical -Ca.(Valkylene-NH-C(0)-0-G wherein -O-G is the radical of 
trehalose or the radical of a cyclodextrin fragment with a maximum of 8 sugar units. 

Preferred non-ionic substituents -C(0>NY t Y 2 are those wherein Y, and Y a are each 
independently of the other hydrogen, CrC 2 -alkyl or Ci-Ce-alkyl which is substituted by 
hydroxy or by a radical -CH(ORta) wherein R 18 is hydrogen, CrC 4 «alkyl. acetyl or propionyl; 
or Y t and Y 2 together with the adjacent N-atom form a heterocyclic 6-membered ring having 
no further heteroatom or having one further N- or O-atorh. Even more preferred meanings 
of Yt and Y a , Independently of each other, are hydrogen. Ci-Ca-alkyI or d-C^alkyl which is 
unsubstituted or substituted by hydroxy or a radical -CH(OR«H wherein R 19 is hydrogen or 
d-Cz-alkyl; or Yi and Y 8 together with the adjacent N-atom form a N-Ci-Ca-alkylpiperazJno 
or morpholino ring. Particularly preferred non-ionic radicals -C<0)-NYiY 2 are those wherein 
one of Y t and Y 2 Is hydrogen, methyl or ethyl and the other one is hydrogen, methyl, ethyl, 
2-hydroxyethyl or a radical -(CHa^CHCOCi-Ca-alkylJa; or Y, and Y 2 together with the 
adjacent N-atom form a morpholino ring- 
Preferred non-ionic substituents -OY 3 are those wherein Y 3 is hydrogen, C,-C 2 -alkyl, C1-C4- 
alkyl which Is substituted by -NH 2 or -NfCrC^alkyl)* or is a group -0(0)0, -CValkyl. Y 3 is 
particularly preferred hydrogen or acetyl. 

Preferred non-ionic heterocyclic substituents are a 5- or 6-membered heteroaromatic or 
heteroaliphatic radical having one N-atom and in addition no further heteroatom or an 
additional N-orO- heteroatom, or is a 5 to 7-membered lactams. Examples of such 
heterocyclic radicals are N-pyrrolidonyl, 2- or 4-pyridinyl, 2-methy! pyridin-5-yl, 2-, 3- Oder 4- 
hydroxypyridinyl, N-e-caprolactamyt, Nn'midazolyl, 2-methylimidazol-1-yf, IM-morpholinyf or 4- 
N-methylpiperazin-1-yl, particularly N-morpholinyl or N-pyrrolidonyl. 

A group of preferred non-ionic substituents of the hydrophilic monomer comprises C,-Qr 
alkyi, which Is unsubstituted or substituted by -OH or -NRR\ wherein R and R' are each 
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independently of the other hydrogen or Ci-Q2-aIkyl; a radical -COOY wherein Y is CrC 2 - 
alkyl; C 2 -C 4 -alkyl which is substituted by *OH F -NRFT wherein R and R s are each indepen- 
dently of another hydrogen or CrC 2 -alkyl f or Y is a radical -C2-C 4 -aikylene-NH-C(0)-0-G 
wherein -CMS is the radical of a saccharide; a radical -C(6)-NY 1 Y 2( wherein Yi and Y 2 are 
each independently of the other hydrogen, (VCs-alky! or d-Ce-alkyl which is unsubstituted 
or substituted by hydroxy or by a radical ~CH(ORia) wherein R 18 is hydrogen, Ci-C 4 -aIkyl, 
acetyl or propionyl, or Y t and Y 2 together with the adjacent N-atom form a heterocyclic 6- 
membered ring having no further heteroatom or having one further N- or Oatom; a radical - 
OY 3 , wherein Y 3 is hydrogen, d-C^alkyl, d-C 4 -afkyl which is substituted by -NH 2 or -N(Ci- 
Cz-a1kyl) 2> oris a group -C(0)(VC2-all<yI; or a 5- orS-m^mbered heteroaromatic or 
heteroaliphatic radical having one N-atom and in addition no further heteroatom or an 
additional N- t O- or S-heteroatom a or a 5 to 7-membered lactame. 

A group of more preferred non-Ionic substituente of the hydrophilic monomer comprises a 
radical -COOY, wherein Y is Ci-Cg-alkyI, C 2 -C3-alkyl, which is substituted by hydroxy, amino 
or N f N-di-Ci-C 2 -alky]amtno, or is a radical -Ca-C 4 -alkyiene-NH-C(0)-0-G wherein -O-G is the 
radical of trehalose or a cyclodextrfn fragment with a maximum of 8 sugar units; a radical - 
CO-NY1Y2, wherein Y1 and Yg are each independently of the other hydrogen, CrC 2 -alkyl or 
C 1 -C 4 -aikyi which is substituted by hydroxy or a radical rCH(OR 18 ) 2 wherein R13 is hydrogen 
or C 1 -C2-aikyl* or Y t and Y 2 together with the adjacent N-atom form a N-Ci*Ca-aIkyI- 
piperazino or morpholino ring; or a heterocyclic radical selected from the group consisting of 
N-pymo!idonyl t 2- or 4-pyridinyl, 2-methylpyridin-S-yl, 2-, 3- oder 4-hydroxypyridinyI, N-e- 
caprolactamyl, N-imidazoIyl, 2-methylimidazoH-yl, N-miorpholinyl and 4-N-rnethylplperazin- 
1-yL 

A particularly preferred group of non-ionic substituents of the hydrophilic monomer 
comprises the radicals -COO-Ci-Ca-alkyI, -COO-fCH^-OH, -CONH 2f -CON<CH 3 )2, 

O 

-CONH-^H^-OH^CONH-fCH^va-CHtOCi-Cs-alkyl), ^^^Cr 1 -<3 a -aB<vi ^ 

"CI^CKj-OH 




7- 



(jj) anionic substituents: 

Preferred anionic substituents of the hydrophilic monomer are Ci-Cd-aIkyl, in particular C r 
Cz-alkyl, which is substituted by one or more substituents: selected from the group 
consisting of -SCfcH and -OPO3H2, for example -CH2-SO3H; phenyl which is substituted by - 
S0 3 H or sulfomethyl, for example o-, m- or p-sulfophenyl or o-, m- or p-sulfomethylphenyl; - 
COOH; a radical -COOY 4 , wherein Y 4 is Ca-Ce-alkyl whlchi is substituted by -COOH, -S0 3 H, 
-OS0 3 H, -OPO$H 2 , or by a radical -NH-C(0)-0-G' wherein Q" is the radical of lactobionic 
add, hyaluronic acid or sialic acid, in particular Ga-C^alky) which is substituted by -SO3H or - 
OSO3H; a radical -CONY 5 Y s wherein Y s is CrC 6 -alkyl substituted by sulfo, in particular C 2 - 
C 4 -alkyl substituted by sulfo, and Y« is hydrogen, for example the radical -C(0)-NH-C(CH 3 ) z - 
CH2-SO3H; or -SO3H; or a suitable salt thereof. Particular preferred anionic substituents of B 
or B' are -COOH, -S0 8 H, o-, m- or p-eutfophenyl, o-. m- or p-sulfomethylphenyl or a radical 
-CONY 5 Y 6 wherein Y 5 is C a -C 4 -alkyl substituted by sulfo; and Y fl is hydrogen. 

(iii) cationic substituents: 

Preferred cationic substituents of the hydrophilic monomer are C r C 4 -aJkyi, in particular d- 
Cz-alkyt. which is in each case substituted by -NRR'R^An"; or a radical -C(0)OY 7 wherein Y 7 
is Qj-Ce-alkyt. in particular C2-C 4 -alkyl> which is in each case substituted by -NRR'R ,,+ An" and 
is further unsubstituted or substituted by hydroxy. R, R' and R" are each independently of 
another preferably hydrogen or Ci-Ct-alkyl, more preferably methyl or ethyl and particularly 
preferably methyl. Examples of suitable anions An' are Hal", wherein Hal is halogen, for 
example Br', F, J" or particulariy CI", furthermore HCCV, COa 2 ", H 2 PCV, HPOs*", POg 3 ", HSO4 
, SO/" or the radical of an organic acid such as OCOCHs' and the like. A particularly 
preferred cationic substituent of B or B' is a radical -C(6)OY 7 wherein Y 7 is C2-C 4 -alkyl, 
which is substituted by -N(Ci-Cralkyt)3"*Arf and is further/substituted by hydroxy, and An" is 
an anion, for example the radical -C(0)O.CH 2 -CH(OH)-CHrN{CH 3 )3*An\ 

(iv) zwitterionic substituents -Ri-2to: 

r, is a preferably a carbonyl, ester or amide functional group and more preferably an ester 
group -C(0)-0-. 

Suitable anionic groups of the moiety Zw are for example -COO", -SO3", -OSQf, -OPO3H" or 
bivalent -0-P0 2 "- or -0-PO z '-0-, preferably a group -COp" or -SO3" or a bivalent group 
-O-PO2"-, ar)d in particular a group -SO3'. 
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Suitable cation ic groups of the moiety Zw are for example a group -NRR'R'* or a bivalent 
group -NRR*X wherein R, R' and R w are as defined above, and are each independently of 
the other, preferably hydrogen or Ci-C&-alkyl, preferably hydrogen or Ci-Cralky! and most 
preferably each methyl or ethyl. 

The moiety Zw is for example C 2 -Cso-alkyl, preferably C^-C^alky!, and more preferably Cr 
Cs-aJkyl, which is in each case uninterrupted or interrupted by -O- and substituted or 
interrupted by one of the above-mentioned anionic and cationic groups each, and, in 
addition, is further unsubstituted or substituted by a radical -OY 8 , wherein Y 8 is hydrogen or 
the acyl radical of a carboxylic add. 

Ya is preferably hydrogen or the acyl radical of a higher fatty acid. 

Zw is preferably C2-C 12 -alkyl and even more preferably Ca-CValkyl whfch is substituted or 
interrupted by one of the above-mentioned anionic and cationfc groups each, and in 
addition may be further substituted by a radical -OY a , 

A preferred group of zwrtter-ionicsubstituents -Ri-Zw corresponds to the formula 

-C(0)0-(alk , >N(R) z + -(alk')-An* or 
-C(0)0.(alk w )-0-P0 2 *-(0)o-i-(aIk ss O-N(R) 3 + 
wherein R is hydrogen or C r C e -alkyl; An" is an anionic group -COO", -S0 3 \ -OS0 3 - or 
-OP0 3 H", preferably -COO" or -S0 3 " and most preferably -SQ3", alk* is Ci-C 12 -aIkylene t (alk") 
is C 2 -C34-a!kylene which is unsubstituted or substituted by a radical OY$, Y e is hydrogen or 
the acyl radical of a carboxylic acid, and (alk 151 ) is Cs-Ce-alkylene. 

(altf) is preferably C 2 -Cs-alkylene s more preferably C^Ce-alkylene and most preferably C2- 
Cd-alkylene. (alk") is preferably C2-C 1zr alkylene, more preferably Ca-Ce-alkylene and 
particularly preferably CrCjralkylene which is in each case unsubstituted or substituted by 
hydroxy or by a radical -OY fi . (alk 1 ") is preferably C 2 -C 4 -alkyiene and more preferably C 2 -C 3 - 
alkylene. R 9 is hydrogen or d-C^lkyl, more preferably methyl or ethyl and particularly 
preferably methyl. A preferred zwitterionic substituent is of formula 

-CCOp-CH^CHtOY^CHaO-POa-tCHaja-NtCHsJs*, 
wherein Y e is hydrogen or the acyl radical of a higher fatty add. 



The hydroptiilic monomer according to step a) is, for example, a radical of formula 
CHj=C <1a) or 0H=CH (lb). 

wherein R 2 is hydrogen or C^C^alkyl, preferably hydrogen or methyl; Ra is a hydrophilic 
substituent, wherein the above given meanings and preferences apply; FU is Ci-C 4 -alkyl, 
phenyl or a radical -C(0)OY a , wherein Y$ is hydrogen or unsubstituted or hydroxy- 
substituted CrC^alkyl; and Ffe is a radical -C(0)Ys or -CHrC^OYs' wherein Y 9 9 
independently has the meaning of Y 9 . 

FU is preferably ^-C^alkyl, phenyl or a group -C(0)OY 9 . Rs is preferably a group -C(0)OY & 1 
or -CH2-C(0)OY 9 ' wherein Y 9 and Y 9 ' are each independently of the other hydrogen, C1-C2- 
alkyl or hydroxy-Ci-C 2 -alkyl. Particularly preferred -CHR 4 -CHRr units according to the 
invention are those wherein R4 is methyl or a group -C(0)QY 9 and Rs ta a group -C(0)OY 9 ' 
or-CH2-C(0)OY 9 ' wherein Y& and Y 9 ' are each hydrogen, Ci-CValkyl or hydroxy-Ci-C2-alkyl. 

The hydrophilic monomer according to step a) is preferably a radical of formula (1 a) above, 
wherein the above-given meaninings and preferences appfy to the variables contained 
therein. A particular preferred hydrophilic monomer is of formula (1 a) above wherein R 2 is 
hydrogen or methyl and R$ is -COO-Ci-Cz-alkyl, -COO-(CH 2 WOH, -CONH 2) -CON(CH 3 ) 2 , 

|l ^ or — n J . The polymerization mixture according to step (a) may 

contain one or more than one of the above mentioned hydrophilic monomers, preferably 
one monomer only. 

A further group of suitable hydrophilic monomers in step (a) concerns hydrophilic telomere 
as disclosed in PCT application WO 99/57581, formula (1) on page 2, wherein the 



RCV. VO N: EPA MUENCHEN 06 

24-03-2000i JV ' 3136gP1 



:24- 3- 0 



EP001 06395.7 



SPEC 



10 



definitions and preferences given therein for the variables apply in each case. A further 
embodiment of the invention concerns using In step <a) a mixture of one or more monomers 
of the formula (1a) or (1 b) above and a telomer of formula (1) of POT application WO 
99/57581. 



The choice of crosslinker employed in step (a) may vary within wide limits and is strongly 
dependent upon the intended use. 



One group of suitable crosslinkers are low molecular weight di- or polyvinylic crosslinking 
agents, for example crosslinking agents having 2 to 4, preferably 2 or 3 and in particular 2 
ethylenically unsaturated double bonds and having a weight-average molecular weight of, 
for example, <500. Examples are an ethylengtycol diacrylate or dimethacrylate, di-, tri- or 
tetraethylenglycol diacrylate or dimethacrylate, ally! (rneth)acryfate, a CVCis-alkylene 
diacrylate or dimethacrylate, a partly or completely fluorinated Cz-C^-alkylene diacrylate or 
dimethacrylate, divinyl ether, divinyl sulfone, di- and trivinylbenzene, trimethylolpropane 
triaciytate or trimethacryiate, pentaerythritol tetraacrylate or tetramethactylate, bisphenol A 
diacrylate or dimethacrylate, methylene bisacrylamide or-bismethacrylamide, ethylene 
bisacryiamide or ethylene bismethacrylamide, N t N T -(1 a 2-dihydroxyethylene)«bisacrylamide, 
triallyl phthafate or diallyl phthalate. Preferred crosslinkers according to this embodiment of 
the invention are ethyleneglycol-dimethacrylate, pentaerythritottetraacrylate or 
pentaerythritoltetramethacrylate. 

A further group of suitable crosslinkers comprises poiysiloxanes, perfluoroalkyi poiyethers or 
polysiloxaoe/perfiuoroalkyl polyether block copolymers comprising in each case two or 
more, for example 2 to 8, preferably 2 to 4 and most preferably 2 to 3, ethylenically 
unsaturated double bonds. 

A suitable polysiloxane crosslinker may be any polysiloxane comprising -0-Si(RsR 7 )- 
siifcone repeat unite and two or more, preferably from 2 to 8, more preferably from 2 to 4 
and in particular 2, ethylenically unsaturated moieties bound terminally or pendently to 
silicon atoms by means of a suitable bridge member, wherein R & and R 7 are as defined 
below. Hie weight-average molecular weight of the polysiloxane crosslinker is , for example, 
from 500 to 50000, preferably from 1000 to 25000 and in particular from 1500 to 8000. 
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A preferred polysiloxane crosslinker is, to example, of formula 



ft' 



■VJ 



ft" 



I 

(aft) 

X-Q 



(2) 



ft" 



in which (alk) is alkylene having up to 20 carbon atoms which may be interrupted by -O-; X 
is -O- or -NrV, Rb is hydrogen or C-CValkyl, Q Is an organic radical comprising a 
crosslinkable or polymerizable group, 80-100% of the radicals Re. IV, Re". Re"'. Re*, R 7 . R 7 ' 
and R 7 », independently of one another, are d-CValkyl and 0-20% of the radicals R a , FV. 
Ffe", R 6 "\ R«*, Rr, R/ and R/. independently of one another, are unsubsttituted or C,-C 4 
alkyl-ord-Cr alkoxy-substituted phenyl, fluoro^-Cia-alkyi), cyano^-C^lkyl), hydroxy- 
d-Ce-alkyl or amino-CV CValkyl, x is the number 0 or 1 , d, is an integer of from 5 to 700, <k 
is an integer from 0 to 8 if x is 0, and is 2 to 1 0 if x is 1 . and the sum of (d*4) is from 5 to 
700. 

In a preferred meaning, the sum of (dn4) is an integer from 10 to 500, more preferably 10 
to 300, particularly preferably 20 to 200 and in particular 20 to 100. Preferably, cfe and x are 
each 0. According to another preferred embodiment, x is 0 and d 2 is an integer from 1 to 4. 
According to still another preferred embodiment, x is 1 and d* is an integer from 2 to 4. 

Preferably 90 to 1 00 % of the radicate Re, Re', Re". Re'", R«*. Rr, Rr' and Rr" are C-C^lkyl, 
in particular methyl, and 0 tolO % of the radicals R» Re', Re". Re"'. Re*. R* W and R 7 » are 
each independently amino-C,-C 4 -alkyl or hydroxy-Ci-C4-alkyl. 

A preferred embodiment of suitable polysiloxane crosslinkers emcompasses a radical of the 
above formula (2), wherein x is 0, d 2 is 0, d, is an integer from 5 to 700, preferably 10 to 
500, more preferably 10 to 300, even more preferably 20 to 200 and in particular preferably 
20 to 100, Rb, R 6 \ Re", R 7 , RV and Rr" are each independently of the another C-G*-alkyl, in 
partcularmethyl, and for (alk), X and Q the above and below given meanings and 
preferences apply. 

(alk) is preferably Ca-Ca-alkylene, which may be interrupted by -O and more preferably 
CrC^alkylene which may be interrupted by O-. Examples of particular preferred radicals 



V1UEMCHEN 06 j^- 3- O : rr~ "61 324-^ 02^ +4-9 89 2399^^^i.o_ 

1 24-03-2(fflp£ ^^ £ [EP001 06395.7 j ; Q [jSPE® 



-12^ 



(alk) are linear or branched C 2 -C fi alkylene or a radical -(CH^rO^CHaJi*-, especially 
C<rC 4 -alkylene such as 1 ,2-ethylene, 1 ,3-propylene or 1 ,4-butylene, or a radical 
-(CHa>2^-0-(CHE)2^-, in particular -(CH2) 2 -0-(CH 2 )jr or -(CHa)^0-(CHa)a-. 

Re fe preferably hydrogen or Ci-C 4 -alkyl r and particularly Hydrogen or Ci-CVafkyl. X is 
preferably -O-, -NH- or -N(Ci-Cz«alkyl)-, in particular -O- or especially -NH-, 



Q is, for example, a radical of formula 

(3), 



J R 



R f, to 
11 

wherein Rn is hydrogen or d-C^alkyl, R 9 and R t0 are each independently of the other 
hydrogen, Ci-Gt-alkyl, phenyl, carboxy or halogen, Xi Is -O- or -NH-, w is the number 0 or 1, 
and A is a bivalent radical 

OH n O 

(4a), If (4b), or || (4c) t 
— (Alk)— C-NH^Alk 1 )— . C— (Alk")— 

wherein (Alk) is linear or branched (V£Valkylene, (Alk') is linear or branched Cg-Ci2- 
alkylene, and (Alk") is linear or branched Ci-Ce-alkylene. \ 

Rn is preferably hydrogen or methyl. Each of R 9 and Rio independently of the other is 
preferably hydrogen, carboxy, chlorine, methyl or phenyl. In a preferred embodiment of the 
invention, Rg is hydrogen or methyl and R™ is hydrogen or carboxy. Most preferably, R$ 
and Rio are each hydrogen. The radical -[(Alk)-OH]- in formula (4a) Is preferably 2-hydroxy- 
1 ,3-propylene. (Alk 1 ) fs preferably C^Ce-alkylene, more preferably Cg-C4-alkylene and in 
particular ethylene. (AJk") is preferably Ci-Qralkylene f foriexample methylene or in 
particular 1 . 1 -dimethylmethylene. 

Especially preferred radicals -Q correspond to formula 
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O 

-C — <ji=CH 2 (3a), 
H, CH 3 



— CH|-CH— CHg-O 
OH 



O 

-C— C-CH a (4a'), 
H,CH 3 



i i w 

-C— NH-^s-O— C-C=CH a (4b0or, — C-C-l 

H,CH 3 



H-CH, o 
II 

NH — C— C=CH 2 (4C"). 
H, CH S H ' CH » 



A preferred polysiloxane crossllnker corresponds to formula 



Q-X— (alk)— ^i— j-0—|i 



r 



•(alk)— X-Q 



(2a), 



wherein Re, R 6 ', fh and R 7 > are each d-Cralkyl, in particular methyl, di is an integer from 
10 to 500, preferably 10 to 300. more preferably 20 to 200 and In particular 25 to 1S0, (alk) 
is linear or branched Cjr-Ce alkylene or a radical -(CHaJi-rCKCHa),*-, X is -O- or In particular 
-NH- and Q is a radical of the above formula (3a), <4a% (4b 7 ) or (4c*), in particular (3a) or 
(4b>). 

A suitable perfluoroalkyl polyether crosslinker is, for example, a macromer of formula 

CMPFPE-D^-PFPE-Q (5)< 
wherein n is 51 . each PFPE may be the same or different and is a perfluorlnated polyether 
of formula 

-OCH 2 CF 2 0(CF 2 CF a O) 2 (CF 2 0) y CF 2 CH 2 0- (6) 
wherein the CF^FjjO and CF a O units may be randomly distributed or distributed as blocks 
throughout the chain and wherein z and y may be the sarrte or different such that the weight 
average molecular weight of the perfluoropolyether is In the range of from 500 to 4,000 and 
preferably from 500 to 2500; 
L is a Afunctional [inking group; and 
Q is as defined above. 
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Preferably n Is an integer from 1 to 4, and in particular of 1. 

The linking group L may be any difunctional moiety able to react with hydroxy!. Suitable 
precursors to L are ocoo-diepoxides, a,axliisocyanates, c^co-diisothiocyanates, 0,0 
diacylhalides, o^oKlithioacylhaiides, a,<i>dicarboxylic acids, o^GKiithiocarboxylic acids, a,o> 
dianhydridss, o^axiilactones, a^oxjialkylesters, ^to-dihalides, a,o>diafkylethers, a,a>- 
dihydroxymethyiamides. It is preferred that the linking group be a bivalent residue 
-C(0)-NH-Riz-NH-C(0)- of a dllsocyanate wherein R12 is £ divalent organic radical having 
from 1 to 20 carbon atoms. 

The divalent radical R12 is, for example, alkylene, arylene,; alkylenearylene, arylenealkyfene 
or aryienealkylenearyiene having 1 to 20 carbon atoms, a saturated bivalent cycloaliphatic 
group having 6 to 20 carbon atoms or cycloalkylenealkylehBcycioalkytene having 7 to 20 
carbon atoms. 

In a preferred embodiment R12 is afkyfene, arylene, alkylenearylene, arylenealkylene or 
aryienealkylenearyiene having up to 14 carbon atoms or a saturated divalent cycloaliphatlc 
group having 6 to 14 carbon atoms. In a particularly preferred embodiment R 12 is alkylene 
or arylene having up to 12 carbon atoms or a saturated bivalent cycloaliphatic group having 
6 to 14 carbon atoms. 

In a preferred embodiment, R 12 is alkylene or arylene having up to 10 carbon atoms or a 
saturated bivalent cycloaliphatic group having 6 to 1 0 carbon atoms. 

In a particularly preferred meaning, R 12 is a radical derived from a diisocyanate, for example 
from hexane 1,6-diisocyanate, 2,2,4-trimethylhexane 1 ,6-diisocyanate, tetrarnethylene diiso- 
cyanate, phenylene 1,4-diisocyanate, toluene 2,4-dIisocyanate, toluene 2,6-diisocyanate, 
m- or p-tetramethytxyiene diisocyanate, isophorone diisocyanate or cyclohexane 1 ,4-diiso- 
cyanate* 

Aryl is a carbocyclic aromatic radical which is unsubstituted or substituted preferably by 
lower alkyl or lower alkoxy. Examples are phenyl, tolyi, xylyl, methoxyphenyl, t-butoxy- 
phenyi, naphthyl and phenanthryl. 
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Arylene is preferably phenylene or naphthylene, which is unsubstituted or substituted by 
Ci-CXralkyf or CrC 4 -alkoxy, in particular 1,3-phenyIene, 1,4-phenylene or methyM.4- 
phenylene, 1 ,5-naphthylene or 1 ,8-naphthytene. 

A saturated bivalent cycloalrphatic group is preferably cycloalkylene, for example cyclo- 
hexylene or cycIohexyleneCCj-CValkylene), for example cydohexylenemethylene, which is 
unsubstftuted or substituted by one or more d-C 4 -alkyl groups* for example methyl groups, 
for example triniethyicyclohexylenemethylene, for example the bivalent isophorone radical 

Alkylene has 1 to 12 carbon atoms and can be straight-chain or branched. Suitable 
examples are decylene, octytene, hexylene, pentylene, butytene, propylene, ethylene, 
methylene, 2-propylene, 2-butylene, 3-pentyIene, and the^Iike. Particularly preferred 
meanings of alkylene are propylene, ethylene and methylene. 

The arylene unit in aikylenearylene or arylenealkyiene is preferably phenylene, 
unsubstituted or substituted by Ci-C 4 -alkyl or Ci-C 4 -aIkoxy, and the afkylene unit therein is 
preferably Ct-C 4 -alkylene F such as methylene or ethylene,; In particular methylene. These 
radicals are therefore preferably phenyfenemethylene or rhethylenephenylene. 

Arylenealkylenearylene is preferably pheny!ene(CrC4-aIkylene)phenylene, for example 
phenyleneethylenephenylene or phenylenemethylenephehylene. 

Some examples of preferred diisocyanates are those wherein R 12 is linear or branched Ce- 
Ci 0 alkylene; cyctohexylene-methylene orcycrohexylene-methylene-cyclohexylene each 
unsubstituted or substituted in the cyclohexyl moiety by fr6m 1 to 3 methyl groups; or 
phenylene or phenylene-methylene-phenylene each unsubstituted or substituted in the 
phenyl mofety by methyl. 

The bivalent radical Ria is derived preferably from a diisocyanate and most preferably from 
a diisocyanate selected from the group isophorone diisocyanate (IPDI) T toluyfene-2,4- 
diisocyanate (TDI), 4 i 4 , -mettiylenebis(cyclohexyl isocyanate), 1,6-diisocyanato-2,2,4- 
trimethyl-n-hexane (TMDI), methylenebis(phenyl isocyanafe) (MDI) 3 methylenebis- 
(cyclohexyI-4-isocyanate) and hexamethylene diisocyanate (HMDI). 
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Preferably, 2 in formula (6) is in the range of from 0 to 20- more preferably from 2 to 16, and 
in particular from 4 to 12 and y is in the range from 0 to 25, more preferably from 4 to SO 
and in particular from 6 to 14, Preferably, z and y may be the same or different such that 
the weight average molecular weight of the perfluoroalkyi polyether is in the range of from 
600 to 2,500 and most preferably in the range of from 1 000 to 2200. 

A preferred crosslinker of the polymerizable component according to (a) is a macramono- 
mer of the formula 

Q -PFPE-Q (6a), 

wherein 

PFPE is a radical of the above fomiula (6) wherein z and y may be the same or different 
such that the molecular weight of the perfluoroaikyt polyether is in the range of from 500 to 
2,500; and Q is the radical -C^ONH-tCHsOz-OCtOJ-CtCHs^CHa, the methacryloyl radical 
«CCO)-C(CH 3 )=CH 2 or preferably the acryloyl radical -G(0)<>H=Ch2. 

Examples of preferred PFPE crosslinkers are: 

(i) CH 2 ^(CH S )C(0)(X>2^ 

<U) CH^(CH 3 )C<0)OC*H 4 M 

{fil) CHa=C(CH3)C(0>-PFPE-<0>CC(CH3)=CH a 

wherein PFPE is a perfluorjnated polyether of formula (6), wherein z is in the range of from 
8 to 10 and y is in the range of from 10 to 14, n > 1 .0, and R 12 is the radical of a 
diisooyanate, wherein the above-given meanings and preferences apply. 

A suitable polysiloxane/perfluoroaikyl polyether block copolymer crosslinker is , for example, 
of formula 

Q-PFPE-L-M-L-PFPE-Q (7), 
wherein for PFPE, L and Q each the above given meanings and preferences apply and M is 
a radical of formula 
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— X-(alk)— Si- 

*7 



r 

•O— $f- 



-(alk)— X— 



(2b), 



wherein for each of Re, fV. Rr, Rr\ (alk), X and d, the above given meanings and 
preferences apply. The weight average molecular weight of the segment of formula (2b) .s 
preferably in the range of from 180 to 6000. 

An example of a polysiloxane/perfluoroalkyl polyether block copolymer crosslinker is 
(OSI(CH 3 ) 2 ),,<;H 2 CHaW^ 

wherein PFPE is a perfluorinated polyether of formula (6) ;, wherein 2 is in the range of from 
8 to 10 and y is in the range of from 10 to 14, and R„ is the radical of a diisocyanate, 
wherein the above-given meanings and preferences apply. 

A further group of suitable crosslinkers are hydrophiHc polymers, for example a polalkylene 
glycol, polyvinyl alcohol, polyacrylic or porymethaciylic acid, oligosaccharide, polypeptide, 
polyhydroxyalkylac.ylate or -methacrylate, or poly(hydroxycarboxylic acid) comprising in 
each case two or more ethylenicaHy unsaturated groups. 

A suitable poJyalkylene glycol crosslinker is for example a polyethylene glycol, 
polypropylene glycol or a polyethylene/polypropylene glycol block copolymer having two 
ethylenlcally unsaturated groups. 

The polyalkylene glycol crosslinker conforms, for example, to formula 

Q-[NH-(all<*)l<MCH r CH 2 -0] s1 H[CH 2 -CH(CH3)-0] 8 r[alk*-NH]rQ (8), 
wherein (alk*) is linear or branched CKValkylene, t is thenumber 0 or 1 . si and s2 are 
each independently an integer from 5 to 275 wherein the total of (s1 + s2) is from 5 to 275, 
and for Q the above-given meanings and preferences apply. 

in the above formula (8), (alk*) is preferably C^IMene and in particular CrCs-alkylene. 
s2 is preferably the number 0. si is preferably an integer from 5 to 100, more preferably 8 
to 60 and in particular 9 to 25. Q is preferably a radical of the above-given formula (3a) or 
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(4b 5 ). One preferred group of polyalkyiene glycol crossl inkers conforms to the above formula 
(8), wherein t te 1, (alk*) is C 2 -Cralkylene, s1 is an integer from 5 to 100, s2 is 0, and for Q 
the above-given meanings and preferences apply. Another preferred group of polyalkyiene 
glycol crosslinkers conforms to the above formula (8), wherein t fs 0, s1 is an integer from 5 
to 100, s2 is 0, and for Q the above-given meanings and preferences apply. 

A suitable polyvinyl alcohol (PVA), polyacrylic acid, polyrnethacrylic acid, polyallylamine, 
polysaccharide, polypeptide, polyhydroxyalkylacrylate, polyhydroxyalkylmethacrylate or 
pofyOiydroxycarboxylic acid) crosslinker is, for example, a respective polymer having a 
weight average molecular weight of, for example, from 250 to 100000, wherein on the 
average in at least two monomer units the hydroxy, amino or carboxy groups are 
substituted by a crosslinkable ethylenically unsaturated moiety, for example by a radical 
-OO or-NH-Q , ^C(0)NH-(alk') -OC(0)-C(H, CH^Chfe , 

-C(0)0-(alk[OH]) -OC(0)-C(H, CHs)=CH 2 or ZTQ>CH-(alk)-NH-C(0)-C(H t CH 3 )=CH 2 * 

wherein for Q, (alk) and (alk*) each the above given meanings and preferences apply. For 
example, suitable PVA crosslinkers are disclosed in EP-A-641806 or may be derived there- 
from by a fragmentation reaction. The weight average molecular weight of said hydrophilic 
crosslinkers is preferably from 350 to 75000, more preferably from 600 to 50000 and in 
particular from 500 to 15000. In addition, preferably from 2 to 10, more preferably from 2 to 
6, and even more preferably from 2 to 4 of the monomer units are substituted by a 
crosslinkable ethylenlcally unsaturated moiety. Moreover, the hydrophilic crosslinkers 
mentioned above may also comprise small proportions, for example up to 20 %, preferably 
up to 5 %, of hydrophilic or hydrophobic copolymer units. A suitable oligosaccharide 
crosslinks r is, for example, an oligosaccharide having from 2 to 12 sugar units wherein on 
tiie average at least two hydroxy groups are substituted by one of the afore-mentioned 
crosslinkable moieties. A suitable poly(hydroxycarboxylic acid) crosslinker is, for example, a 
poly(glycolic acid, poly(2-hydroxy butyric acid) or polylactide wherein the terminating 
hydroxy and carboxy group are in each case substituted by an afore-mentroned 
crosslinkable ethylenicany unsaturated moiety. 

The functional chain transfer agent used in step (a) controls the molecular weight of the 
resulting prepolymer and provides functionality for subsequent addition of a polymerizable 
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or crosslinkable group. Suitable chain transfer agents include organic primary thiols or 
mercaptans having a further functional group such as, for example, hydroxy, amino, N-d- 
C s -aIkylamino, carboxy or a suitable derivative thereof. A preferred chain transfer agent is a 
cycloaliphatic or preferably aliphatic thiol having from 2 to about 24 carbon atoms and 
having a further functional group selected from amino, hydroxy and carboxy; accordingly, 
the preferred chain transfer agents are aliphatic mercapto carboxylic acids, hydroxymercap- 
tans or arninomercaptans. Examples of particularly preferred chain transfer agents are 
thioglycolic acid, 2-mercaptoethanol and especially 2-aminoethane thiol (cysteamine). In 
case of an amine or a carboxylic acid, the chain transfer agent may be In form of the free 
amine or acid or, preferably, in form of a suitable salt thereof, for example a hydrochloride in 
case of an amine or a sodium, potassium or amine salt in case of an acid. 

The stoichiometiy of the hydrophilic monomer, crosslinker and chain transfer agent in step 
(a) may be chosen within wide limits and is strongly dependant on the intended use. For 
example, a molar ratio of from 0.5 to 5 equivalents chain transfer agent : 1 equivalent 
crosslinker : 5 to 60 equivalents hydrophilic rnonomer(s) has proven as practicable for 
biomedical purposes. A preferred range is from 1 to 3 molar equivalents chain transfer 
agent : 1 molar equivalent crosslinker : 10 to 50 molar equivalents hydrophilic monomers). 
A more preferred range is from 1 to 3 molar equivalents chain transfer agent : 1 molar 
equivalent crosslinker : 12 to 40 molar equivalents hydrophilic monomer(s). 

The copoiymerteation step (a) may be carried out in the presence of a solvent/The solvent 
choice is dependent on the monomers and crosslinkers used. Preferred solvents include 
C T -C 4 -alcohols such as methanol, ethanol or n- or isopropanol; cyclic ether such as 
tetrahydrofurane or dioxane; halogenated hydrocarbons such as chloroform or 
dichloromethane; and mixtures of these solvents. 

The copolymertzation of the hydrophilic monomer(s) and. crosslinker in step (a) may be 
induced photochemically or preferably thermally. Suitable thermal polymerization initiators 
are known to the skilled artisan and comprise, for example peroxides, hydroperoxides, azo- 
bts(afkyl- or cycloalkylnitrifes), persuffates, percarbonates or mixtures thereof. Examples are 
benzoylperoxide, tert.-butyJ peroxide, di-tert.-butyi-diperoxyphthalate, tert.~butyl hydro- 
peroxide, azo-bis(isobutyronitrile), 1,1-azodiisobutyramidine, 1,1'-azo-bis (1-cyclohexane- 
carbonitrile), 2 % 2'-azo-bfs(2,4-dimethyivaIeronitrife) and the like. The polymerization is 
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carried out conveniently in an above-mentioned solvent at elevated temperature, for 
example at a temperature of from 25 to 100*C and preferably 40 to 80°C. The reaction time 
may vary within wide limits, but is conveniently, for example, from 1 to 24 hours or 
preferably from 2 to 1 2 hours. It is advantageous to previously degas the components and 
solvents used in the polymerization reaction and to carry out said copolymerization reaction 
under an inert atmosphere, for example under a nitrogen or argon atmosphere. Surprisingly, 
the telomerization reaction in the presence of a crosslinker does not produce a jellied 
uncontrollable reaction mixture as expected by the artisan but yields optical clear well- 
defined copolymers which may be worked up in conventional manner using for example 
extraction, precipitation, ultrafiltration and the like techniques. 

The weight average molecular weight of the resulting copolymers Is strongly dependent, for 
example, on the amount of chain transfer agent used. A weight average molecular weight 
of, for example, from 500 to 200000, preferably from 750 to 100000, more preferably from 
750 to 50000, and in particular from 1000 to 25000 has proven as valuable. 

The organic compound having an ethylenically unsaturated double bond according to step 
(b) is, for example, an ethylenically unsaturated compound having from 2 to 18 C-atoms 
which is substituted by a reactive group that is co-reactive to the functional group of the 
chain transfer agent Examples of such co-reactive groiips are a carboxy, carboxylic acid 
ester, carboxylic acid anhydride, epoxy, lactone, azlactone or isocyanato group, if the 
functional group of the chain transfer agent is, for example, an amino or hydroxy group; or 
are amino, hydroxy, if the functional group of the chain transfer agent is, for example, 
carboxy or the like. 

One group of preferred reactive groups comprises carboxy, carboxylic acid anhydride, 
azlactone or isocyanato, in particular isocyanato. A suitable organic compound having such 
reactive group and an ethylenically unsaturated double bond is, for example, of formula 




(9a), 
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(9d)or 



(9e), 



wherein R 13 is halogen, hydroxy, unsubstituted or hydroxy-substituted d-Ceralkoxy or 
phenoxy, 

R 14 , and Ris are each Independently of the other hydrogen, C,-C 4 -alkyl, phenyl, carboxy or 
halogen, 

R 16 is hydrogen, Ci-C-ralkyl or halogen, 

Rirand R17 are each an ethylenically unsaturated radical having from 2 to 6 C-atoms, or 
R 17 and RW together form a bivalent radical -C(R i4 )sC(Ri 9 )- wherein Ri 4 and R« are as 
defined above, and 

(Alk*) is Ci-CB-alkylene, and (Alk**) is C 2 -Ciz-alkyiene. 



The following preferences apply to the variables contained in formulae (9a) - (9e): 

R 13 is preferably halogen such as chlorine; hydroxy; or hydroxy-Ci-C 4 -alkoxy, such as 2- 

hydroxyethyl; in particular chlorine. 

One of the variables Ri 4 and R ts is preferably hydrogen and the other one is hydrogen, 
methyl or carboxy. Most preferably R w and Ri S are each hydrogen. 
Rie is preferably hydrogen or methyl. 
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R 17 and Ri 7 ' are preferably each vinyl or 1-methylvinyl, or R17 and R17' together form a 
radical -C(Ri4>=C(Rt6)- wherein R u and Ri S are each independently hydrogen or methyl. 
(Alk*) is preferably methylene, ethylene or 1 ,1-dimethyl-methylene, in particular a radical 
-CH a -or-C(CH 3 )2-. 

(Alk**) is preferably C 2 -C 4 -alkyiene and in particular 1 ,2-ethylene. 

Particularly preferred organic compounds having an ethylenically unsaturated double bond 
that are co-reactive to an amino or hydroxy group of the chain transfer agent are 2- 
isocyanatoethylmethacrylate (IEM), 2-YinyKazlactone, 2-yinyl-4 > 4-dimethyl-azlactone, acrylic 
acid, methacrylic acid, acrylic acid anhydride, maleic acid anhydride, 2-hydroxyethylacrylate 
(HEA), 2-hydroxymethacrylate (HEMA), glycldylacrylate or glycidylmethacrylat. 

The reactions of a compound of formula (9a)-<9e) having a carboxylic acid halide group, 
carboxylic acid anhydride group, epoxy group, azlactone group or isocyanato group with an 
amino or hydroxy group of the copolymer formed In step (a) are well-known in the art and 
may be carried out as desribed in textbooks of organic chemistry. In general, the copolymer 
according to step (a) is reacted with stoichiometric amounts or preferably with an excess of 
the components of formula (9a)-(9e). 



For example, the reaction of the carboxylic acid halide of formula (ga) with a hydroxy- or 
amino-group of the copolymer of step (a) can be caniedout under the conditions that are 
customary for ester or amide formation, for example at temperatures of, for example, from - 
40 to 80°C f preferably from 0 to so°C and most preferably from 0 to 25*0, in a dipolar 
aprotic solvent, e.g. tetrahydrofuran, dioxane, DMSO or an d-CValcanol, or in a mixture of 
water and one or more of the mentioned solvents, in the presence of a base, e.g. an alkali 
metal hydroxide, and, where applicable, in the presence. of a buffer component such as 
hydrogen carbonate or a stabiliser. Suitable stabilisers are, for example, 2,6-dialkylphenols, 
hydroquinone derivatives, e.g. hydroquinone or hydroquinone monoalkyl ethers, or N- 
oxides, e.g. 4-hydro)^-2,2,6 5 S-tetramethyl-piperidin-1-yl. The reaction times may vary within 
wide limits, a period of, for example, from 5 minutes to 12 hours, preferably from 15 minutes 
to 6 hours and especially from 20 minutes to 3 hours, generally having been found 
practicable. 
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The reaction of a carboxylic acid anhydride or epoxide of formula (9b) or <9c) with a 
hydroxy- or amlno-group of the copolymer of step (a) may be carried out as desonbed ,n 
organic textbooks, for example in an acidic or in a basic medium. 

The reaction of an lactone of formula <9d) with a hydroxy- or ammo-group of the polymer 
according to step (a) may be carried out at elevated temperature, for example at about 50 
to 75°C in a suitable organic solvent, for example an aprotic polar solvent such as DMF, 
DMSO, dioxane and 1he like, optionally in the presence of a catalyst, for example in the 
presence of a tertiary amine such as triethyl amine or an organotin salt such as dibutyltm 
dilaurate. or in particular in the presence of 1 .B-diazabicyclo^.O^ndec-T-ene (DBU). 

The reaction of a compound of formula <9e) with a hydroxy- or amino-groop of the polymer 
according to step (a) can be carried out under the conditions that are customary for the 
formation of urethanes or ureas. In case of urethane formation it is advantageously to 
perform the reaction in an inert solvent. Amino-copolymers of step (a) may be reacted w.th 
the isocyanate of formula <9e) also in an aqueous medium. 

Suitable inert solvents for the reaction of a copolymer of step (a) with a compound of 
formula (9e) axe aprotic, preferably polar, solvents, for example hydrocarbons (petroleum 
ether, methylcyclohexane. benzene, toluene, xylene), hafogenated hydrocarbons (chloro- 
form, methylene chloride, trichloroethane, tetrechtoroethane, chlorobenzene). ethers 
(diethyl ether, dlbutyl ether, ethylene glycol dimethyl ether, diethylene glycol dimethyl ether, 
tetrahydrofuran, dioxane), ketones (acetone, dibutyl ketone, methyl ethyl ketone, methyl 
isobutyl ketone), carboxylic acid esters and lactones (etrtyl acetate, butyrotactone, 
valerolactone), alkylated carboxylic acid amides (N,N-dimethylacetamide, N-methyl- 
pyrrolidone), nltriles (acetonitrile). sulfones and sulfoxides; (dimethyl sulfoxide, tetra- 
methylenesulfone). Polar solvents are preferably used. The reaction temperature may be, 
for example, from -40 to 200 fl C. When catalysis are used, the temperatures may 
advantageously be in the range of from 0 to 50"C, preferably at room temperature. Suitable 
catalysts are, for example, metal salts, such as ferric chloride or alkali metal salts of 
carboxylic acids, tertiary amines, for example {C^W (triethylamine, tri-n-butylamine), 
N-methylpyrrolidine, N-methyimorphollne, N.NKlimethylpipeiidine, pyridine and 1,4-diaza- 
bicydooctane. Tin salts have been found to be especially effective, especially alkyltin salts 
of carboxylic acids, for example dibutyltln dilaurate and tofdioctoate. The Isolation and puri- 
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fication of the compounds prepared is earned out according to known methods, for example 
by means of extraction, crystallisation, recrystaltisation or chromatographic purification 
methods. 

The compounds of the formula (9a), <9b), (9c), <9d) and (9e) are known compounds which 
are commercially available or may be prepared according to known methods. 

Another group of suitable organic compounds having an:ethylentaa!Iy unsaturated double 
bond in step <b) are those having an amino, hydroxy or epoxy group that is coreactive to the 
carboxy group or a derivative thereof of the ccopoiymer of step (a). Examples are allyl 
amine, allyl alcohol, 2-hydroethyl acrylate and math aery late or preferably a compound of 
formula (9c) above, for example giycidyl acrylate or methacryfate The reaction may be 
carried out as described above for ester or amide formation. 

Throughout the application terms such as carboxy, carboxylic acid, -COOH, sulfo, -SOaH, 
amino, -Nhfe and the like always include the free acid or amine as well as a suitable salt 
thereof, for example a biomedically or in particular occulaily acceptable salt thereof such as, 
for example, a sodium, potassium, ammonium salt or the like (of an acid), or a hydrohalide 
such a hydrochloride (of an amine). 

The copolymers obtainable according to the invention are prepolymers and are therefore 
crossiinkable, but uncrosslinked or, at least, substantially uncrosslinked; in addition, they 
are stable, that Is to say spontaneous crosslinking as a result of homopofymerisation does 
not take place. 

The copolymers of the invention are crossiinkable in a controlled and extremely effective 
manner, especially by photo-crosslinking. 

The present invention further relates, therefore, to a polymer that can be obtained by 
crosslinWng thermally or, preferably, by photo-crosslinking ;a prepolymer obtainable by the 
above-described process, in the presence or, preferably, in the absence of an additional 
vinyl comonomer. These crossirnked polymers are water-insoluble. 

fn the photo-crosslinking, a photoinitiator capable of initiating free-radical crosslinking is 
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suitably added. Examples thereof will be familiar to the person skilled in the art, suitable 
photornitfators that may specifically be mentioned being benzoin methyl ether, 1 -hydroxy- 
cyclohexylphenyl ketone, Darocure* 1 f 73 or 2959 or irgacure® types. The crosslinking can 
then be brought about by actinic radiation, e.g, visible light, UV light, or ionising radiation, 
e.g. gamma rays or X-rays. The amount of photoinftiatormay be selected within wide limits, 
an amount of from 0.01 to 1.5 % by weight and especially of from 0,05 to 0.5 % by weight, 
based in each case of the prepolymer contents, having proved beneficial. 

The crosslinkab/e copolymer of the invention is introduced into the crosslinking process 
preferably in pure form, particularly substantially free frorri undesfred constituents, such as, 
for example, free from monomelic, oligomeric or polymeric starting compounds used for the 
preparation of the prepolymer, and/or free from secondary products formed during the 
preparation of the prepolymer. Said prepolymers in pure form are obtained advantageously 
by previously purifying them in a manner known fitrse, for example by precipitation with a 
suitable solvent, filtration and washing, extraction In a suitable solvent, dialysis, reverse 
osmoses <RO) or ultrafiltration, reverse osmoses and ultrafiltration being especially 
preferred. 

The preferred purification processes for the prepolymers of the invention, reverse osmoses 
and ultrafiltration, can be carried out in a manner known pgr se. It is possible for the 
ultrafiltration and reverse osmoses to be earned out repeatedly, for example from two to ten 
fames. Alternatively, the ultrafiltration and reverse osmoses can be carried out continuously 
until the selected degree of purity is attained. The selected degree of purity can in principle 
be as high as desired. 

The copolymers of the invention may be crosslinked, for example, fn form of a solution or a 
mesophase. 

One embodiment of the invention relates to the photo-polymerisation of the prepolymers of 
the invention in solution, preferably in an aqueous solution or in one or more different 
organic solvents. Suitable organic solvents are rn principle all solvents that dissolve the 
polymers according to the invention and an optional vinyl comonomer which may be 
additionally used, e.g. alcohols, such as CrC 6 - alkanols, e.g. n-or iso-propanol, ethanof or 
methanol, glycols such as ethylene glycol, diethylene glycol* propylene glycol, butylene 
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gfycol. caifaoxylic acid amides, such as dimethyiformamide, or dimethyl sulfoxide, and 
mixtures of suitable solvents, e.g. mixtures of water with an alcohol, e.g. a water/propanol, 
water/ethanol or a water/methanol mixture, or mixtures of water with a glycol. 

According to this embodiment of the Invention, the photo-crosslfnking is preferably effected 
from a solution comprising (i) one or more crosslinkabie copolymers according to the inven- 
tion which can be obtained as a result of the preferred purification step, ultrafiltration, (ii) 
one or more solvents selected from the group consisting of a Cr<V alkanol, a glycol, a 
carboxyfio add amide, dimethyt sulfoxide and water, and optionally (iii) an additional vinyl 
comonomer. For example, photo-crosslinklng of the prepofymers is earned out in water, in 
ethanol or n- or iso-propanol, or in a mixture of water and ethanol or n- or iso-propanoh 

The vinyl comonomer that can additionally be used according to the invention In the photo- 
crosslinking may be hydrophilic or hydrophobic or may be a mixture of a hydrophobic and a 
hydrophilic vinyl monomer. Suitable vinyl monomers include especially those which are 
customarily used in the manufacture of contact lenses. The expression ^hydrophilic vinyl 
monomer" is understood to mean a monomer that typically produces as homopolymer a 
polymer that is water-soluble or capable of absorbing at least 1 0 % by weight water. 
Analogously, the expression ''hydrophobic vinyl monomer* is understood to mean a 
monomer that typically produces as homopolymer a polymer that is water-rnsoluble or 
capable of absorbing less than 1 0 % by weight water. 

The proportion of vinyl comonomers, if used, is preferably from 5 to 60 % by weight, 
especially from 10 to 30 % by weight, of vinyl comonomer relative to the weight of 
prepolymers of the invention. 

it is also preferred to use a hydrophobic vinyl comonomer or a mixture of a hydrophobic 
vinyl comonomer with a hydrophilic vinyl comonomer, the mixture containing at least 50 % 
by weight of a hydrophobic vinyl comonomer. In that manner, the mechanical properties of 
the polymer can be improved without the water content being appreciably reduced. In 
principle, however, both conventional hydrophobic vinyl comonomers and conventional 
hydrophilic vinyl comonomers are suitable for copofymerisalion with a prepolymer of the 
invention. 
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Suitable hydrophobic vinyl comonomers include, without the following being an exhaustive 
list, d-Ci a alkyl acrylates and methacrylates, C 3 -C 18 alky!acrylamides and -methactylamides, 
acrylonltffle, methacrytonitrile, vinyl-d-Ci^lkanoates, GrCiealkenes, Ca-Cahatoalkenes, 
slyrene, C r C fi alkylstyrene, vinyl alkyl ethers in which the alkyl moiety has from 1 to 6 
carbon atoms, Ca-C^perfluoroalkyl acrylates and methacrylates or correspondingly partially 
fluoiinated acrylates and methaciylates, c 3 -Ci 2 perfluoroalM-eihy1-thloc»rt5onyi a minoethyl 
acrylates and methacrylates, acryloxy- and methacryloxy-alkylsiloxanes, N-vinylcarbazole, 
d-Caalkyl esters of maleic acid, fumaric acid, itaconic acid, mesaconic acid and the like. 
Preferred are, for example, Chalky! esters of vlnyitaally unsaturated carboxylic acids 
having from 3 to 5 carbon atoms or vinyl esters of carboxylic acids having up to 5 carbon 



atoms. 



Examples of suitable hydrophobic vinyl comonomers include methyl acrylate, ethyl acrylate, 
propyl acrylate, isopropyl acrylate, cyclohexyl acrylate, 2-ethylhexyl acrylate, methyl meth- 
acrylate, ethyl methacrylate, propyl methacrylate, vinyl acetate, vinyl propionate, vinyl 
butyrate, vinyl valerate, styrene, chloroprene, vinyl chloride, vinylidene chloride, acrylonitrile, 

1- butene, butadiene, methacrylonitrile, vinyltoluene, vinyl ethyl ether, perfluorohexylethyl- 
thiocarbonylaminoethyl methacrylate, Isobomyl methacrylate, trifluoroethyl methacrylate, 
hexafluoroisopropyl methacrylate, haxafluorobutyl methacrylate. tris-trlmethylsilyloxy-«iryl- 
propyi methacrylate, 3-methacryloxypropyipentamethyIdisibxane and bls(methacfyioxypro- 
pyljtetramethyldisiloxane. 

Suitable hydrophilic vinyl comonomers Include, without the following being an exhaustive 
list, hydroxy-substituted lower alkyl acrylates and methacrylates, acrylamide, methacryl- 
amlde, lower alkylacrylamide and -methacrylamide, ethoxylated acrylates and methacry- 
lates, hydroxy-substituted lower alkylacrylamldes and methacrylamides, hydroxy-substituted 
lower alkyl vinyl ethers, sodium ethylenesulfonate, sodium styrenesulfonate, 2-acrylarnkJo- 

2- rnethylpropanesuKonic add, N-vinylpyrrole, N-vinylsucciriimide, N-vinylpyrrolklone, 2- or 4- 
vinylpyridine, acrylic acid, methacrylic acid, amino- (the term "amino" also including quater- 
nary ammonium), mono-lower alkylamino- or dHower alkylamlno-lower alkyl acrylates and 
methacrylates. allyl alcohol and the like. Preferred are, for example, hydroxy-substituted 
Chalky* (meth)acrylates, five- to seven-membered N-vinyl lactams, N,N-di-CrC 4 alkyl- 
(meth)acrylamides and vlnyiically unsaturated carboxylic acids having a total of from 3 to 5 
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carbon atoms. 



Examples of suitable hydrophilic vinyl comonomers include hydroxyethyl methacrylate, 
hydroxyethyl acrylate, acrylamide, methacrylamide, dimethyl a cry lam ide, ally! alcohol, vinyl- 
pyridine, vfnytpyrrolidine, glycerol methacrylate, N-(l l 1-d?riiethyJ-3.oxobutyl)-acrylamrde and 
the like. 

Preferred hydrophobic vinyl comonomers are methyJ methacrylate and vinyl acetate. 
Preferred hydrophiltc vinyl comonomers are 2-hydroxyethyI methacylate, N-vInylpyrrolidone 
and aciylamtde. Most preferably, the crossiinking of the prepolymers of the Invention is 
carried out in the absence of a vrnylic comonomer. 

According to another embodiment of the Invention, the prepolymers of the Invention are 
previously converted into an aqueous mesophase, and the aqueous mesophase is then 
subjected to photocrosslinking. A suitable process for producing an aqueous mesophase 
composition and its crossiinking in an ophthaFmic mould is;disctosed in PCT application WO 
99/12059 and may be carried out accordingly with a prepolymer of the present invention. 

The solutions or mesophases comprising a prepolymer of :the invention may be processed 
in a manner known perse to form mouldings, especially ophthalmic mouldings such as 
contact lenses, for example by carrying out the photo-crossiinking of the prepolymers of the 
invention in a suitable mould, In particular a contact lens mould. For example, the solution 
or mesophase is introduced into an opthalmic mould in a manner known per se, such as, 
especially, by conventional metering in, for example by dropwise introduction or by 
extrusion. Suitable moulds are generally customary contact lens moulds as known in the 
state of the art. Thus, the contact lenses according to the invention can be manufactured, 
for example, in a manner known per se, for example In a conventional 'spin-casting mould", 
as described, for example, in US-A-3 408 429, or by the soiled Full-Mould process in a 
static mould* as described, for example, in US-A-4347198. Appropriate moulds are made, 
for example, from polypropylene. Quartz, sapphire glass arid metals, for example, are 
suitable materials for re-usable moulds. 

The crossiinking can be triggered in the mould, for example by actinic radiation, such as, for 
example, visible light or UV light, or by Ionising radiation, such as, for example, gamma 
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radiation, electron radiation or X radiation. The crosslinking can where appropriate also be 
triggered thermally or electrochemically. Attention is drawn to the fact that the 
photocrosslinWng can be carried out in a very short time, for example in £ 30 minutes, 
preferably £ 20 minutes, more preferably < 5 minutes, even more preferably in < 1 minute, 
especially in 10 to 45 seconds, especially preferably, as disclosed in the examples. 

The opening of the mould such that the moulding can be removed from the mould can be 
carried out in a manner known per se. 

ff the moulding manufactured according to the invention is a contact lens and the latter has 
been manufactured from a previously purified prepolymer of the invention, then it is 
normally unnecessary for the removal of the moulding to be followed by purification steps, 
e.g. extraction, because the prepofymers used do not contain any undesired low-molecular- 
weight constituents; consequently, the crosslinked product also is free or substantially free 
of such constituents and subsequent extraction can be dispensed with. The contact lens 
can accordingly be converted into a ready-for-use contact lens directly in conventional 
manner by solvent-exchange and hydration. Suitable forms of hydration capable of 
producing ready-for-use contact lenses with a wide variety of water contents are known to 
the person skilled in the art. The contact Isns is swelled, for example, in water, in an 
aqueous salt solution, especially in an aqueous salt solution having an osmolarity of 
approximately from 200 to 450 milliosmol in 1000 ml (unit: mosnVl), preferably approx- 
imately from 250 to 350 mosm/l and especially approximately 300 mosm/l, or in a mixture of 
water or an aqueous salt solution with a physiologically tolerable polar organic solvent, for 
example glycerol. Swelling of the prepolymer in water or in aqueous salt solutions is 
preferred. 

The aqueous salt solutions used for the hydration are advantageously solutions of 
physiologically tolerable salts, such as buffer sails customary in the field of contact lens 
care, e.g. phosphate salts, or isotonising agents customary in the field of contact lens care, 
such as, especially, alkali metal halktes, e.g. sodium chloride, or solutions of mixtures 
thereof. An example of an especially suitable salt solution is a synthetic, preferably 
buffered, lachrymal fluid that has been matched to natural lachrymal fluid with regard to pH 
value and osmolarity, e.g. an unbuffered or preferably buffered, for example phosphate 
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buffer-buffered, sodium chloride solution the osmolality and pH value of which correspond 
to the osmolality and pH value of human lachrymal fluid. 

The hydration fluids defined above are preferably pure, that is to say free or substantially 
free of undesired constituents. Most preferably, the hydration fluid is pure wafer or a 
synthetic lachrymal fluid as described above. 

If the moulding manufactured according to the invention is a contact lens and the latter has 
been manufactured from an aqueous solution or mesophase of a previously purified 
prepolymer of the invention, the crosslinked product also will not contain any troublesome 
impurities* There is normally no need, therefore, for subsequent extraction. Since the 
crosslinking is carried out in an aqueous medium, there is also no need for subsequent 
hydration. In accordance with an advantageous embodiment, therefore, the contact lenses 
obtainable by this process are distinguished by the fact that they are suitable for use as 
intended without extraction or hydration. The expression "use as intended* is understood in 
this context to mean especially that the contact lenses can be inserted into the human eye. 

The copolymers of the invention are especially suitable for the manufacture of mass- 
produced articles, such as, for example, contact lenses that are worn for a short time, for 
example for a month, a week or just one day, and are then replaced by new lenses. This is 
especially true if the contact lenses are prepared from an aqueous solution or mesophase 
of a copolymer of the invention which can be used on the eye without subsequent treatment 
steps, such as extraction or hydration. 

The invention further relates to mouldings that comprise or, preferably, substantially consist 
of a crosslinked prepolymer of the invention. Further examples of mouldings of the 
invention, apart from contact lenses, are biomedical or special ophthalmic mouldings, e.g. 
intraocular lenses, artificial cornea, eye bandages, wound healing dressings, materials for 
the sustained release of an active compound such as a drug delivery patch, mouldings for 
use in surgery, such as heart valves, vascular grafts, catheters, artificial organs, 
encapsulated biologic implants, e.g. pancreatic islets, materials for prostheses such as 
bone substitutes and the like, mouldings for diagnostics, biomedical instruments,, and films 
or membranes, e.g. membranes for controlling diffusion, photo-structurable films for 
information storage, or photoresist materials, e.g. membranes or mouldings for etch resists 
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or screen print resists. 

Biomedical mouldings, especially ophthalmic mouldings such as contact tenses obtainable 
according to the invention have a range of unusual and extremely advantageous properties. 
Among those properties, there may be mentioned, for example, their excellent compatibility 
with the human cornea, which is due to a balanced ratio of water content, oxygen 
permeability and mechanical properties. The contact lenses of the invention furthermore 
have a high dimensional stability. Even after autoclaving at, for example, approximately 
120°C no changes in shape can be detected. 

One group of preferred crosslinked polymers obtainable according to the invention 
concerns those that are obtained from a prepolymer of the invention that is based on one or 
more hydrephilic monomers and a polysiloxane or perfluoroalkyl potyether crcsslinker. 
Mouldings obtainable from said prepolymers are preferably at least party bicominuous. that 
is to say the mouldings have at least two partly bicontinuous phases, in particular an 
oxygen-permeable and an ion-permeable phase, which are intermingled. Owing to this 
structural feature, contact lenses and other biomedical articles obtainable from said 
prepolymers have a range of unusual and extremely advantageous properties and are 
therefore suited to extended periods of wear (true extended wear, i.e., seven days or more). 
Among these properties are. for example, their excellent compatibility with the human 
cornea and with tear fluid, if necessary after suitable surface treatment (e.g. coating), which 
is based on a balanced ratio between water content, oxygen permeability, ion permeability 
and mechanical and absorptive properties. This results in high comfort and the absence of 
Irritation and allergenic effects. Owing to their favourable permeability properties with 
respect to gases (CO z and 0 8 ), various salts, nutrients, water and diverse other components 
of tear fluid, the contact lenses prepared according to the process of the invention have no 
effect, or virtually no effect, on the natural metabolic processes in the cornea. Furthermore, 
the contact lenses obtainable according to the process are optica! clear and transparent, 
have a high shelf life and good mechanical properties, for example concerning the modulus 
of elasticity, elongation at break or dimensional stability. 

in the Examples which follow, amounts are by weight, unless specified otherwise, and 
temperatures are given in degrees Celsius. 
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Example 1: (Preparation of a poiysiloxane crosslinker) 300 g H 2 0, 30 g sodium chloride and 
16 g of Na 2 COs are added to a solution of 200 g of di-aminopropyl-terminated polydimethyi- 
siloxane (Shin-Etsu KF-8012, « 4000) in 350 g pentane in a suitable reaction vessel. To 
the stirred mixture are added dropwise 1 0 ml of acryloyl chloride during about 60 minutes, 
while maintaining the mixture at room temperature. The reaction mixture Is then stirred at 
room temperature for another 60 minutes. 

The organic phase of the resulting two phase system is separated and dried with MgSCu. 
After removal of the solvent on a rotary evaporator there is obtained the compound of 
formula 




II 



HgC—HC-C— NH-0^C) a — Si-f O— $i 



CH 3 



T 



O 
II 

"(CH^>— NH-C-CH— CH 2 



wherein di is about « 54 at an average as a clear colorless liquid. 

Example 2; (Preparation of an amphjphific block copolymer) A three-necked round bottom 
flask equipped with a magnetic stir bar, internal thermometer, intensive cooler and drying 
tube, is charged with a solution of 76 g of the poiysiloxane crosslinker obtained according to 
Example 1 in 120 g of tetrahydrofurane (THF), The apparatus is evacuated and filled with 
nitrogen. This is repeated three times. 

A second solution is prepared separately from 4.0 g cysteamine hydrochloride and 340 g of 
ethanol. 0.1 g azobisisobutyronitrile (AIBN) and 38 g N.N-dimetbyl acrylamide (DMA) are 
added and the whole is degassed three times as described above. The resulting solution is 
then added to the first solution comprising the poiysiloxane crosslinker, and the whole 
reaction mixture Is again degassed three times. The mixture is heated for about eight hours 
to 65°C and then cooled to room temperature. The product is purified by ultrafiltration and 
isolated by iyophilization. An analytical sample of the amine hydrochloride product is 
characterized by amine titration (0,1 meq/g), GPC and NMR. 
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Exannples 2.1-2.3: Amphiphilic block copolymers with similar properties are obtained by 
repeating Example 2 but using the amounts of compounds as outlined in the Table below. 



Example 


crosslinker of Ex. 1 


DMA 


cysteamlne(HCI) 


amine titration 


NO. 


fg] 


[g] 


[g] 


[meq/g] 


2.1 


18.3 


7.7 


0.95 


0.95 


2.2 


18.9 


1S.0 


1.0 


n.m. 


2.3 


18.9 


9.7 


0.75 


0.08 



Example 3: (Preparation of a crosslinkable amphophilic block copolymer) 50 voIumn-% of 
the solvent (ethanol and THF) of the reaction mixture obtained In Example 2 before 
ultrafiltration are removed on a rotary evaporator. Water is then added and the remaining 
solvent is removed on a rotary evaporator until a total amount of about 1000 ml emulsion is 
reached, and the temperature of the reaction mixture is adjusted to about 0°C. After the 
addition of a buffer (10 g NaHC0 3 ), about 8 ml of acryloyl chloride are added dropwise to 
the reaction mixture at a ratio of about 0,8 ml/minute while the pH is kept constant at a 
value of 9 by the addition of 15% aqueous sodium hydroxide solution. The pH is then 
adjusted to 7 and the reaction mixture is first filtered using a G-3 frit and is then purified by 
ultrafiltration with water using a 300 kD membrane. After concentration a 10 to 20 % 
aqueous emulsion of the crosslinkable product is obtained which upon lyophilization yields a 
white solid. 

Examples 3.1-3*3: Crosslinkable amphiphilic block copolymers with similar properties are 
obtained by repeating Example 3 but using the amphiphilic block copolymer of Examples 
2.1,2.2 or 2.3. 



Example 4: (Preparation of a contact lens) A centrifugafion tube is charged with 2,3 g of 
product from Example 3, 3,1, 3.2 or 3.3 and 1 .0 g ethanol containing 0.3 weight percent of 
photoinitiator Darocur 2959. The components are thoroughly mixed until a homogeneous 
viscous solution is formed. The formulation is centrifuged at 5000 rpm for 10 minutes to 
remove air bubbles. 

Portions of the formulation are filled into polypropylene contact lens moulds and cured by 
UV-irnadiation for 15 to 25 seconds with a UV Intensity of 1.6 mW/cm 2 (Macam-lamp). After 
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rnoukl opening and hydratization perfectly clear and colorless contact lenses (water 
contents Ex. 3 about 20 % by weight; Ex. 3.1 about 30 % by weight; Ex. 3.2 about 23 % by 
weight, Ex, 3.3 n.ra) having a high ion permeability and oxygene permeability as well as 
good mechanical properties are obtained in each case. 

Example 5: (Preparation of a hydrogel contact tens) 

23.7 g of bis(2naminopropyl)polyethyfene glycol 2000 are converted to the corresponding 
bis-acrylamide compound fn THF using the method as outlined in Example 1. 
10.2 g of the bis(2-acrylamidopropyl) polyethylene glycol, 3.0 g of DMA and 1 .0 g of 
cysteamine hydrochloride are reacted using the method of Example 2 but using water as 
solvent and 1 ,1 -azodlisobutyramidine as catalyst to yield a DMA/PEG block copolymer 
having amine functionalizatton. The amino groups of the copolymer are converted into 
acrylamido groups using the method of Example 3. 

Contact lenses are obtained by preparing a 30% aqueous solution of the above obtained 
crosslinkable copolymer, adding 0.3 % (based on polymer content) of the photoinitiator 
Irgacure 2959, and irradiating for about 15-30 seconds in a transparent contact Jens mould 
of polypropylene using a UV intensity of 1 .6 mW/cm z (Macam lamp). The lenses are 
removed from the mould; they are optical clear and have good mechanical properties. 



Example 6: (Preparation of a low-molecular polyvinyl alcohol crosslinker) 
To 380 g of an aqueous solution of Neffilcon A (acrylate-modified PVA, solids oontent 10%, 
synthesis in analogy to EP-A-641806, Example 15i)) are added 2.2 g of H 5 IO e in 20 ml of 
water and the pH is adjusted to 7 with Na 2 CO s solution. The resulting solution is purified by 
ultrafiltration using a i kD membrane to yield a low-molecular weight PVA crosslinker (solids 
content 13.7% by weight). 

Example 7: (Preparation of a moulding) 

77.2 g of the aqueous PVA crosslinker solution obtained according to Example 6 (10.6 g of 
crosslinker) are degassed and flushed with nitrogen. 1.5 g of cysteamine hydrochloride, 
4.78 g of DMA and 0.1 g of 1,1-azodiisobutyramidine are added. The reaction mixture is 
degassed three times and is then polymerized for about 8 hours at 50°C. 
The solution of the polymer is then treated with excess acryloyf chloride at pH 9 and a 
temperature of 0°C. After neutralization the resulting reaction solution is purified by 
ultrafiltration using a 1 kD membrane to yield a crosslinkable prepofymer. 



Rrinted:23-01«2001! 

slms^l „ ■,.i,, : „.v, .,„. M.m^s.JM^;l^~~J 




mMss&mmwU\f-a-\ 362P1 



MUENCHEN 08 



3- u 




61 



+49 89 23! 




-35- 



To a 30% by weight solution of the crosslinkable prepolymer are added 0.1 % by weight of 
a photoinitiator <lrgacure 2859). From the clear viscous solution, a 0.1 mm thick film is 
produced between glass plates with spacers. The film is exposed to a UV lamp for 15 
seconds. A clear film is obtained which forms a clear hydrogel in water. 

Example 8: (Preparation of a moulding) 

2,3 of DMA, 1 .0 g of N.N-Cl^-dihydroxyethyleneJ-bis-acfylamide, 1.0 g of cysteamine 
hydrochloride and 0.1 g of 1,1-azodilsobutyramidine are mixed and degassed three times. 
The reaction mixture is then polymerized under nitrogen for about 8 hours at 50°C. 
The solution of the polymer is treated with excess acryloyl chloride at pH 9 and a 
temperature of 0°C. After neutralization the resulting reaction solution is purified by 
ultrafiltration using a 1 kD membrane to yield a crosslinkable prepolymer. 
To a 35% by weight aqueous solution of the crosslinkable prepolymer are added 0.1 % by 
weight of a photoinitiator (Irgacure 2959). From the clear viscous solution, a 0.1 mm thick 
film is produced between glass plates with spacers. The film is exposed to a UV lamp for 15 
seconds. A clear film is obtained which forms a clear hydrogel in water. 
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Claims: 

i . A crosslinkable or polymerizable prepolymer that is obtainable by 

(a) copolymerizing at least one hydrophilic monomer having one ethylenically unsaturated 
double bond and at least one crosslinker comprising two or more ethylenically unsaturated 
double bonds in the presence of a chain transfer agent having a functional group; and 

(b) reacting one or more functional groups of the resulting copolymer with an organic 
compound having an ethylenically unsaturated group. 



2- A prepolymer according to claim 1 , wherein the hydrophilic monomer according to step 
(a) is a radical of formula 



/ 



*2 



<1a) 



or 



CH= 



r 



(1b). 



wherein R* is hydrogen or Ci-C 4 ~alkyl, R 4 is d-C 4 -allcy1, phenyl or a radical -C(O)0Y dt 
wherein Y a is hydrogen or unsubstituted or hydroxy-substituted Ct-C 4 -alkyl, R 5 is a radical 
-C(0)Y9* or 'CHa-C^OYe* wherein Y 9 ' independently has the meaning of Y 9 , and R 3 is 
<i) a non-ionic substituent selected from Ci-C 5 -alkyl which is substituted by one or more 
same or different substituents selected from the group consisting of -OH, C^^alkoxy and 
-NRR', wherein R and R' are each independently of another hydrogen or unsubstituted or 
hydroxy-substituted C^C 6 -alkyl or phenyl; phenyl which is substituted by hydroxy, Ci-C 4 - 
alkoxy or -NRR\ wherein R and R* are as defined above; a radical -COOY, wherein Y is 
CVC 4 -alkyl, Ci-C 2 4-alkyl which is substituted by hydroxy, Ci-C 4 -alkoxy, -0-Si(CH 3 ) 3 , -NRR' 
wherein R and R' are as defined above, a radical -0-(CH2CH 2 0)i-24-E wherein E is hydrogen 
or G-pCg-alkyl, or a radical -NH-C(0)-0-G T wherein -O-G is the radical of a saccharide with 1 
to 8 sugar units or is a radical -O-(CH 2 CH20)i-24-E l wherein E is as defined above, or Y is 
Cs-Ca-cycloalkyl which is unsubstituted or substituted by CrC*-aIkyl or CrC4-alkoxy, or is 
unsubstituted or CM-C 4 -alkyl- or Ct-C 4 -alkoxy-substituted phenyl or C7-Ciz-araIkyl; -CONYiY 2 
wherein Y t and Y a are each independently hydrogen, CrC 4 -alkyl, Ci-C 12 -aHcyl, which is 
substituted by hydroxy, d-C4-alkoxy, a radical -CH(OR tfl )2 wherein Ria is hydrogen, Ci-Or 
alkyl or C2-C 5 -aikanoyl, or a radical -O^CHaCHaOJi^-E wherein E is as defined above, or Yt 
and Y 2 together with the adjacent N-atom form a five- or six-membered heterocyclic ring 
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having no additional heteroatom or one additional oxygen or nitrogen atom; a radical -OY 3 , 
wherein Y 3 is hydrogen; Ci-C 4 -alkyl or Ct-dz-alkyl which Is substituted by -WRIT; or is a 
radical -C(0)-Ci-C4-alkyl; and wherein R and R' are as defined above; or a five- to seven- 
membered heterocyclic radical having at least one N-atom and being bound in each case 
via said nitrogen atom; or 

<ii) an anionic substituent selected from Ci-Ce-alkyl which Is substituted by -SQ3K -OSQ3K 
-OPO3H2 and -COOH; phenyl which is substituted by one or more same or different 
substituants selected from the group consisting of -S0 3 R -COOH, -OH and -CH2-SO3H; - 
COOH; a radical -COOY 4 , wherein Y 4 is CrCaralkyl which is substituted by -COOH, -SQaH, 
-OSO3H, OPO3H2 or by a radical -NH-C(0)-0-G' wherein G* is the radical of an anionic 
carbohydrate; a radical -CONY s Y e wherein Y5 is Ci-C 24 -alkyl which is substituted by -COOH, 
-SOsH, -OSO3H, or -OPO3H2 and Ye independently has the meaning of Y 5 or is hydrogen or 
Ci-Ci 2 -alkyl; or -SO3H; or a salt thereof; or 

(iii) a cationic substituent selected from Ci-C 12 -a!kyl which is substituted by a radical 
-NRR'R^An", wherein R, R' and R* are each independently of another hydrogen or 
unsubstituted or hydroxy-substituted C r C e -alkyl or phenyl, and An is an anion; or a radical 
-C(0)OY 7 , wherein Y? is CrC^-allcyl which is substituted by -NRR'R^An" and is further 
unsubstituted or substituted by hydroxy, wherein R, R*, R" and An" are as defined above; or 

(iv) a zwitterionic substituent -Rt-Zw, wherein R1 is a direct bond or a carbonyl, caifconate, 
amide, ester, dicarboanhydride, dicarboimide, urea or urethane group; and Zw is an 
aliphatic moiety comprising one anionic and one cationic group each. 

3. A prepolymer according to claim 1 or 2, wherein the hydnophilic monomer according to 
step (a) is a radical of formula 

ch 8 =C n (1a) , 

wherein R 2 is hydrogen or methyl and R3 is a non-ionic substituent selected from 
-COOCi-C2-alkyl f -COO-(CH 2 ) M -OH, -CONhfe, -CON(CH 3 ) 2 , -CONH-(CH2)rOH, 

O O 
"CONH^CH^i^-CHtOCi-Ca-alkyl), |1 f _J^/~\ Q and —tf \ . 
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4, A prepolymer according to any of claims 1 to 3, wherein the crosslinker according to step 
(a) is a polysiioxane, perfluoroalkyl polyether or poiysiloxane/perfluoroaikyi polyether block 
copolymer comprising in each case two or more ethyienically unsaturated double bonds. 

5. A prepolymer according to any one of claims 1 to 4 a wherein the crosslinker according to 
step (a) is a polysiioxane of formula 



R7 



ft* 



•V J 



O-Si- 

I 

(alk) 
X-Q 



f 



-O-Si- (R s *),l[alk)-X-Q] 1 



(2) 



in which (alk) is alkylene having up to 20 carbon atoms which may be interrupted by -O-; X 
is -O- or -NR3-, Bs is hydrogen or Cr<Valkyl, Q is an organic radical comprising a 
crosslinkable or polymerizable group, 80-100% of the radicals Fie, FV> Rs", FV", R B *, R7, R7' 
and R/, independently of one another, are d-(Valkyl and 0-20% of the radicals R 6 » Rs', 
Re w , Rs", Rs*r R7, R7 1 and R7", independently of one another, are unsubsttituted or C1-C4 
alkyl- or Ct-C*- alkoxy-substituted phenyl, fluoro(Ci-Ci8^alkyl), cyano(Ci-Ci2-alkyl), hydroxy- 
Ct-Ce-alkyl or amino-Ct-C«-alkyf, x is the number 0 or 1 , d, is an integer of from 5 to 700, cfc 
is an integer from 0 to 8 if x is 0, and is 2 to 1 0 if x is 1 , and the sum of (di+cfe) is from 5 to 
700. 



6. A prepolymer according to any one of claims 1 to 5, wherein the crosslinker according to 
step (a) is a polysiioxane of formula 



Q— X — {alk) — Si— j-O—Si 

*7 



ft' 



-(alk)— X— Q 



(2a), 



wherein Rs, Re'. R7 and R? are each methyl, di is an integer from 10 to 300, (alk) is linear or 
branched Cz-C 8 alkylene or a radical -(CH 2 )i-8-0(CHa)i-3-> X is -O- or -NH- and Q is a radical 
of the formula 
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? 

-C — -C=CH, 
I 

H, CH, 



(3a), 



o 

II 

-CH 2 -CH— CHj-O-C — C=CH 2 (4a"), 
OH H. Cht 



0 0 
-C— NH-(CH 2 )jj-0— C-C=CH 2 (4b*) Or, 

H,CH a 



O H, CH- 0 

II I n 

C— p-NH — c-c=ch, 

I 2 

H.CHg 



T 



(4c% 



H, CH3 



7. A prepolymer according to any one of claims 1 to 6, wherein the functional chain transfer 
agent used in step (a) is an organic primary thiol having a hydroxy, amino, N-C r C s - 
alkylamino or car boxy group. 

8. A prepolymer according to any one of claims 1 to 6, wherein prepolymer according to 
any one of claims 1 to 6, wherein, the components in step (a) are used fn a molar ratio of 
from 0.5 to 5 equivalents chain transfer agent : 1 equivalent crosslrnker : 5 to 60 equivalents 
hydrophliic monomer{s). 



9. A prepolymer according to any one of claims 1 to 8, wherein the copolymer of step (a) is 
reacted in step (b) with a compound of formula 

r 9ia 



C=c— c— R 

< II 
o 



C R 



AT 



(9a), 



(9b), 



*14 



/ 0 \ 



^C=C— C— O— CH CH 2 



"15 



M6 



(9c), 
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c=o 




c=c 



\ t 

c— o 



/ 



(9d) or 



R 



^0=0— C— O- (Alk**)-N=C=0 

r ii 

o 



(9e), 



wherein R« is halogen, hydroxy, unsubstituted or hydroxy-substituted Ci-Ce-elkoxy or 
phenoxy, R-w, and R15 are each independently of the other hydrogen, C r C 4 -alkv1, phenyl, 
carboxy or halogen, R 16 is hydrogen, Ci-C4-alkyl or halogen, R 17 and R17' are each an 
ethylenically unsaturated radical having from 2 to 6 C-atoms, or R17 and R 17 ' together form a 
bivalent radical -C(Rw)=C(Ri S )- wherein Ru and R 16 are as defined above, and (Alk*) is 
Cn-Ce-alkylene, and (Alk**) is Cz-Cia-alkylene. 

10. A process for the manufacture of a moulding, which comprises crosslinking a 
prepolymer obtainable according to any one of claims 1 to 9 in a mould. 

11. a process according to claim 10 wherein the moulding Is an ophthalmic moulding and 
wherein the prepolymer is photo-crosslinked in an ophthalmic mould using visible or UV 
light. 

12. A moulding obtainable by the process according to claim 10 or 11. 

13. A moulding according to claim 12, which is an ophthalmic moulding, in particular a 
contact lens, intraocular lens, or artificial cornea. 
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Abstract 

The invention relates to novel crosslinkable copolymers which are obtainable by 
<a) copolymerizing at least one hydrophillc monomer having one ethylenically unsaturated 
double bond and at least one crosslinker comprising two or more ethylenically unsaturated 
double bonds in the presence of a chain transfer agent having a functional group; and 
(b) reacting one or more functional groups of the resulting copolymer with an organic 
compound having an ethylenically unsaturated group. 

The crosslinkable copolymers of the invention are especially useful for the manufacture of 
biomedical mouldings,, for example ophthalmic mouldings such as in particular contact 
lenses. 
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